Pulmonary function (PF) tests are procedures that measure the function of the lungs, revealing problems in breathing, and therefore are highly important in diving. In this article, we studied the PF in military divers and defined the differences between |A) males (n = 32) and females [n = 27). (B) male smokers and nonsmokers, and (Ct female smokers and nonsmokers. PF was established by measuring: the large airway variables: inspiratory-vital capacity, forced-vital capacity, 1-second forced-expiratory volume, and 1-second forced-expiratory volume: forced-vital capacity ratio; and small airway variables: peak-expiratory flow, maximal-mid-expiratory flow, and maximal-expiratory flow after 50% and 75% of exhalation, all in absolute and relative [predicted for age and stature] values. The t test showed a significant (p < 0.05) difference between smokers and nonsmokers, but only in the relative inspiratoryvital capacity. A multivariate analysis of the variance revealed significant differences between smokers and nonsmokers in large airway variables for males and females. The possible explanations regarding the metrics, the variable relationships, and the influence of physical fitness training are discussed.
Introduction

D
iving has long been performed for commercial, sporting, and military purposes. Di\1ng is always physically and emotionally demanding and is associated with some specific risks. Medical practitioners and training instructors are more and more faced with the request to comment on fitness to undertake diving. According to some guidelines,' fitness to dive includes several factors: exercise tolerance (including aerohic capacity and agility): vulnerahility to immersion pressure changes, the cold, decompression, and a reduced sensory input: contentious issues (including head injury, asthma, diabetes, pregnancy): and some potentially confusing conditions (e.g., migraine, diabetes, sickle cell disease, and neurological and musculoskeletal disease). A breathing apparatus imposes resistance to breathing that may result in the retention of carbon dioxide. This alone may give rise to deeper, more rapid and labored breathing in addition to the increased ventilation associated with exertion,' The physical construction of the breathing apparatus may also restrict respiratory peak flows required in an emergency. Divers are exposed to several factors that have some affect on lung function. During scuba diving, the lungs are exposed to an increased partial pressure of oxygen and a venous gas microembolism caused hy decompression stress. These factors may induce inflammatory reactions in the lungs and gas exchange abnormalities. Earlier studies have shown that divers in general ' have larger lungs than predicted, while studies during the past 10 to 15 years have shown that divers tend to have a reduction in maximal expiratory flow rates at low lung volumes,Â lthough it is clear that diving is generally a stressful activity, military diving is probably the most demanding of all. There are several reasons for such a statement. First, military divers have to perform their tasks no matter what the weather and/or water conditions (something not usual in sport and commercial diving): second, combat duties put special psychophysiological requests on divers (mainly because their duties are not related to diving and/or handling the material "only"): and third, in most cases, military divers have to take direct and exceptional responsibility for others (who might be incapable of helping themselves). Although diving medicine has been extensively investigated,^t here are obviously a limited number of studies dealing with pulmonary function in military divcrs,*^-^ Therefore, the aims of the present study are: -to define and interpret the values of the pulmonary function (PF) variables in male and female military divers: -to defme and interpret the differences in the absolute and relative PF values between male and female military divers: -to define and interpret the differences in the absolute and relative PF values in male and female military divers regarding their smoking status.
Our opinion is that defining and explaining these particular problems are more than an academic dilemma knowing the undoubted importance and hazards of military diving.
Methods
The sample of subjects was professional military divers (n = 57). The first group was males (n = 32: mean age. 24.3 ±1.1 years) and the second group was females (n = 27: mean age. 25.1 ± 1.7 years). All of the subjects have been involved in professional military diving for 3 to 4 years, performing 146 to 187 dives per year.
The pulmonary function testing was performed using the Jaeger MasterLab (Erich Jaeger. Wurzburg. Germany).^ The same person performed all of the tests on the divers. All of the subjects were given standard instructions on the forced maximal expiratory maneuvers with a demonstration of the procedures. The tests were performed with the subjects sitting, breathing through the mouthpiece with a nose clip. The spirometer was calibrated by means of two syringes using the instrument's automatic calibration program. We measured the subjects' body height (BH) and body weight (BW). The parameters derived from the flow-volume cur\'es were: inspiratory-vital capacity (VCIN), forced-vital capacity (FVC), forced-expiratory volume in 1 second (FEVl). and FEV1:FVC ratio, peak-expiratory flow (PEF). maximal mid-expiratory flow (MMEF). and maximal expiratory flow after 50% and 75% of exhalation (MEF50 and MEF25).
PF in Militaiy Divers
The best results, of at least three maximal flow-volume maneuvers with FVC which did not differ hy more than 5% from its highest valued were used in the analysis. The VCIN, FVC, FEVl (including the FEVl:FVC ratio) were used to describe the airway obstruction in the large airways (large airway variables (LAV)), whereas PEF, MMEF. and MEF values were used to describe the airway obstruction in the small airways (small airway variables (SAV))."^ All of the variables were interpreted in the absolute-(achieved resuits) and relative-percentage values (aeeording to the predicted values for age and stature).
For all of the measured and derived variables, we calculated the descriptive statistics (mean and SD). The (test for the independent samples was used for the comparison of the results between the eharacteristie groups (males vs. females; smokers vs. nonsmokers). Additionally, a multivariate analysis of the variance (MANOVA) was applied for the purpose of a multivariate comparison of SAV and LAV separately, regarding the smoking status in the females and in the males, respectively. Pearson's coefficient of correlation was ealculated for the purpose of the definition of the relationship between LAV and SAV. separately in the group of smokers and nonsmokers. All of the coefficients were considered significant for the p < 0.05, All of the calculations were performed using Statsoft's Statistica, version 6.0,
Results
In Table I . the descriptive statistics and significance of the t test are presented, comparing the results between the male and female military divers. Naturally, the males are significantly dominant in BH and BW. as well as in the VCIN and FVC. since the last two variables are directly influenced by stature. It is interesting that the males and females are not significantly different in any of the large airway measures (relative values), Male divers achieved higher values in the relative and absolute PEF variables, absolute MEF25, MEF50. and MMEF, Sinee military divers are a relatively rarely investigated subpopulation, it would be interesting to compare here the observed 
Females (mean ± SD) 171.1 ±6.0 60.1 ± 7.5 4.1 ± 0.6 100.1 t 13. values with those measured and interpreted in some other diver-related studies. For example. Skogstad et al." studied male commercial divers during and after commercial diving school in the Oslo area and reported values (mean ± SD) of 6,31 ± 0,92 for FVC:12,90 ± 1.78 for PEF (higher than the values in this study): and 5,07 ± 0.69 for FEV1 (equal values as in this study). In an older study, Crosbie et al.'^ reported an FEVl :FVC ratio of 81,8 ± 6,0 as a mean value for a comparable group of commercial divers (lower than the values in this study). In one of the rare studies dealing with militaiy divers. TetzlafTet al,^ studied ship divers from the German Navy fleet on pulmonary function. The following values were collected; FVC: 5.6 ± 0,72 (respectively equal): FEVl: 4.8 ± 0,63; MEF50: 5.4 + 1,32; and MEF25:2.2 ± 0,70 (all lower compared to the respective ones in this study). We could not fmd any study dealing with female divers' pulmonary function, and therefore all the compared values presented here are related to males.
In the total sample of subjects (not di\iding the males from the females), there is not one significant difference between the smokers and nonsmokers in the measured and derived variables of the pulmonary status (Table II) , Although numerical differences are observed in some variables (e.g.. VCIN, FEV1%, FEV1:FVC ratio), we can assume that a relatively large varianee of the results (SD in our ease) initiated the extrapolation of the distribution of the results and as a final result; there were no signifieant differences in any of the observed measurements. These observations will be more supporied when we interpret the rest of the statistical procedures we performed.
Obviously, the smoking status has no significant (univariate) influence on the pulmonary function in female divers. As in the previously commented total sample, female nonsmokers achieved numerically higher values in some of the measured variables (LAV mostly), but none of these differences reached any acceptable statistical significance. Using the t test for the independent samples, we found only one significant difference in the pulmonary function of the male military divers observed in this study. To be precise, the male nonsmokers achieved higher values in the VCIN%. Again, in most of the LAV. nonsmokers attained numerically higher (i.e., better) results, but once again, those differences are not significant.
Discussion
As stated in the "Introduction," one of the main objeetives of this study was to define and interpret the differences in the absolute and relative PF values in male and female military divers regarding their smoking status. Smoking tobacco is generally one of the most important eauses of health problems, widely recognized in the military establishment also. For example, Zadoo et al.''^ concluded that cigarette smoking impacted adversely on the athletic performanee of soldiers: Blake and Parker"^ concluded that smoking may adversely affect a soldier's ability to complete basic combat training, while Knapik et al,'d efined the strong relationship between eigarette smoking and the likelihood of injury in both females and males during U.S, Army Basic Combat Training, There is certain evidence that (historically) tobacco used by some countries* military personnel on active duty has greatly exceeded that found in the eiNilian population,'^ In Croatia, there are no such data, but according to observations here of military professionals, we suppose there is a 40 to 50% incidence of cigarette smoking in the Croatian Army as a reasonable assessment.
As previously mentioned, single variable differences between smokers and nonsmokers in our sample (male and female divers) are repeatedly nonsignificant (excluding VCIN% in males). Since smoking habits are frequently studied and interpreted as one of the most receding factors of the pulmonary function, such a lack of tbe significant differences surprised us. In the explanation of our observations, we had to inquire about some of the characteristics which make our subjects different from those previously studied, from where the conclusions of tbe negative effects of smoking on the PF are drawn. From our point of view, the most important factor which should be observed and interpreted is military physical training. Croatian military divers participate in an extensive basic and specific physical-fitness training (PFT), including weight training (two to three times a week; 45 to 60 minutes each session): aerobic and anaerobic endurance training (running, swimming, stationary cardio training; 45-to 60-minute training session; two to three times a week); and diving (two to four dives a week).
Although previous studies have demonstrated that increased physical activity and different PFT can result in improved respiratory function'''-'^, from our point of view, the most interesting is the combination of all the mentioned training session types. For this particular purpose, a relatively older study published by Clanton et al.'^ requires attention. The main purpose of the study was to define the effects of a 10-week swimming and conditioning training program on lung function and the inspiratoiy muscle conditioning for 16 female varsity swimmers. Briefly, the experimental swimmers (n = 8) underwent a total conditioning program, consisting of running (40-60 minutes; 3 days a week), muscle strength training (3 days a week), and swimming (at least 5 days a week). At the same time, the control subjects (n = 8) performed swimming training sessions only. The authors found a significant improvement in FEVl and vital capacity (exclusively for the experimental group), while there were no significant increases in MEF50. In conclusion, this study showed that a combination of swimming, weight lifting, and running (evidently comparable to the PFT regularly performed by the divers we studied) increases both the strength and endurance of the inspiratory muscles.
Furthermore, some other studies concluded that diving seems to have a positive influence on some of the pulmonary Unction parameters, since the increased work of breathing as a result of submersion and increased gas density may result in respiratory muscle training and increased vital capacity," Bearing in mind these conclusions, there is certainly a possibility that PFT in military divers partially diminished the repeatedly confirmed negative influence of smoking tobacco,"^ and maintained the PF of the smokers at approximately the same levels as in the nonsmokers. Of course, the authors are aware that these interpretations are partially observational, and have to be more precisely studied and interpreted in some future follow-up investigations.
But. we previously stated that, although not significant, nonsmokers regularly achieved somewhat higher values numerically in almost all the LAVs (VCIN. FVC. and FEVl). For our purpose, the most interesting are the relative values of these measures {VCIN%, FVC%. FEV1%), because any possible influence of the stature and age on the test results are eliminated in these variables. More precisely, higher values of the absolute measures are naturally to be expected in relatively taller subjects, since lung volume physically follows an increase in the total body volume (which is positively correlated by stature). For the purpose of a detailed diagnosis of tbe pulmonary status in our subjects, we applied MANOVA. MANOVA is regularly used in anthropological sciences^'^ in the studies where investigators try to establish the differences in a group of variables (which explains the same dimension/status/function-in our case, the LAV and SAV] between two or more group of subjects (in our case smokers and nonsmokers). Compared to the univariate Statistical methods (t test and/or univariate analysis of the variance), the main advantage of the MANOVA calculation is in its advanced approach in defining the characteristic status of the subjects on a defined set of variables. In short, MANOVA (1) defines the factor which is basically an "ideal" linear combination of the variables included in the model. (2) defines the characteristic factor scores of all the subjects, and (3) identifies the quantity and the significance of the differences between the observed groups of subjects on the defined factor. Generally, there are some basic principles which should be respected when MANOVA is used. First, the number of subjects should be respectively greater than the number of variables studied. Second, the variables included in the MANOVA calculation must be selected from the same dimension (i.e,. explaining the same process and/or subject's status). Third, the variables calculated on the basis of some other variables included in MANOVA (different indexes) should be avoided. Following the basic methodological, but also epidemiological, approach, we caleulated the MANOVA differences in: (A) the LAV between male smokers (MS) and mate nonsmokers (MNS): (B) the SAV between MS and MNS: (C) LAV between female smokers (FS) and female nonsmokers (FNS): (D| SAVbetween FS and FNS, Because of the previously explained methodological and statistical reasons, the FEVhFVC ratio as one of the LAV has to be avoided since it is calculated on the basis of the other two (measured) variables.
MANOVA revealed significant differences between the MS and MNS. and between the FS compared FNS, but only in the set of the variables explaining the large airway function (Table III) , Contrary to LAV. MANOVA showed no significant differences between MS compared to MNS and FS compared to FNS in SAV, The possible explanations will be provided later. These conclusions suppori the MANOVA calculation in defining the real nature of the differences in the pulmonary status between the groups observed herein. Fig. 2 . Graphical presentation of the LAV differences regarding smoking status (values presented are mean -SD). females.
SMOKERS NONSMOKERS
Although the results of the MANOVA are presented in Table  III . a clear insight and explanation of the significant differences between the observed groups will be discussed on the basis of the graphical presentations ( Figs. 1 and 2 ). The graphical presentations of the results we obtained define the real nature of the differences between smokers and nonsmokers in the male and female sample of subjects. In Figure 1 . the differences of the LAV in males are clearly presented. In each of the observed measures. MS achieved lower values than MNS, Similarly. Figure 2 presents a clear dominancy of the FNS eompared to FS in LAV. Generally, the continuous trends of the higher (in other words, better) results of the nonsmokers in all the variables included in the model revealed significant differences in the LAV factors. Although the differences in the single variable, which we previously established using the 1 test, were not significant, the multivariate technique assured a general interpretation of the observed results, identiiying the real nature of the differences between the observed groups on a more superior basis.
As already stated, the MANOVA factor is a linear combination (construction) of variables included in the model. Mathematically, it allows a certain "summarization" of the single variable differences. Therefore, although we previously commented on the possible positive iniluence of the PFT on the PF variables, the MANOVA results illustrated that characteristic PFT, regularly completed in military divers, probably cannot totally diminish the negative smoking effects on the large airways status. It seems logieal. because if we suppose that PFT positively affects the PF of smokers, it would be reasonable to suppose that it influences the PF of the nonsmokers in the same way. Naturally. it would finally define the higher values of the PF in the non- smokers rather than the smokers, supporting the conclusion we have drawn according to the MANOVA results. The question which arises is why is such a significant domination of the nonsmokers not evident in SAV either? The problem is probably in the relatively high degree of the variability of results in the small airways measurements. For all of the SAV observed herein, the SDs are relatively high [Table II : SDs are 20 to 25% of the mean values). Such a high variability of the SAV induced an overreaching of the results distribution and did not allow for calculation of the significant differences between the characteristic groups of subjects using the univariate (t test) as well as using the multivariate (MANOVA) technique.
Another possible explanation can be pro\1ded after reviewing the relationships between the SAV and LAV in the total sample of smokers and nonsmokers. As presented in Table IV . in the group of smokers, none of the calculated correlation coefficients is significant. Meanwhile, in the nonsmokers. only one coefficient did not reach the acceptable statistical significance (11 significant correlations). Briefly, it not only points to the strong interrelationship between the SAV and LAV for nonsmokers, but also to the faet that there is no relationship between the small and large airways function for smokers. So. the status of the LAV in nonsmokers is (naturally! followed by the equivalent status of the SAV, meaning that in the nonsmokers any of the SAV can be predicted using the LAV values (and vice versa), something not evident in the smokers group.
Although not directly related to the objectives in this study, these relationships probably can provide us with suffieient details in explaining the PF in our suhjects. First, there is some evidence that PFT has a higher influence on the LAV than on the SAV.'^ Of eourse. SAV should follow any eventual changes in LAV induced by PFT. but smoking is definitely the burdening factor in sueh a relationship, since smoking directly induces the obstructions on the SAV primary.^' Second, previous studies demonstrated that some subjects with mildly restrictive PF (often in smokers) tend to compensate for this deficiency through a short and frequent breathing pattern.^'"^•'^ It artificicJly stimulates the breathing dynamics and can result in a relative increase of the MEF v^ues (in the first half of the flow-volume curve mostly). All of this probably leads to the nonsystematic relationship between SAV and LAV mostly in smokers; we previously recognized it as a nonsignificant correlation in this group of subjects. Besides the already discussed problems with the high variability of the SAV, the explained nonsystematic relations between SAV and LAV in smokers is probably one more reason for the nonsignificant differences within SAV between smokers and nonsmokers in males and females separately.
Conclusions
Based on the results presented herein, we can conclude that:
-PF status of the Croatian Navy divers is at approximately the same level as the PF status of other, previously studied diving-related subjects;
-cigarette smoking negatively effects PF in military divers, mainly regarding the large airways function; -although supposed, the possible negative effects of smoking cigarettes on the small airways function are not evident, probably because of: (A) the high variability of the SAV and (B) the irregularity of the SAV and LAV relationships in the smokers; -there is certain evidence that PFT performed regularly can decrease the negative effects of smoking on the PF. and therefore should be considered as a valuable curative and therapeutic base for the improvement of the PF.
